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AEROSOL  PROPERTIES  AND  DYNAMICS  IN  THE  MARINE  BOUNDARY  LAYER 
Supplemented  1994  additional  funds  in  response  to  proposal 

’’Real  Time  Measurement  of  an  Oceanic  Ammonia  Flux" 

LONG  TERM  GOALS 

Our  intent  is  to  establish  an  improved  understanding  of  the  properties  and  factors  that 
control  the  physicochemistry  of  marine  aerosol  and  the  implications  for  the  optical  properties  of 
the  marine  aerosol.  These  include  issues  related  to  the  source,  transformation  and  evolution  of 
aerosol  physicochemistry  with  particular  interest  in  sulfate,  ammonia  and  sea-salt. 

SCIENTIFIC  OBJECTIVE 

This  grant  incorporated  two  proposals  that  have  three  major  efforts.  These  included 
support  for  our  participation  in  and  analysis  of  ASTEX  data  and  a  related  measurement  program 
at  a  coastal  site  in  Hawaii  with  particular  emphasis  of  the  relationship  of  the  aerosol  variability 
to  the  sulfiir  cycle.  A  more  recent  proposal  funded  under  this  same  grant  number  calls  for  the 
development  of  an  ammonia  flux  detector  for  the  real  time  study  of  ocean-atmosphere  fluxes. 

The  measurements  proposed  under  the  first  two  efforts  mentioned  above  are  designed  not 
only  to  provide  information  on  the  size  and  concentration  of  the  atmospheric  aerosol  but  also  to 
measure  size  dependent  properties  of  the  aerosol  that  we  have  found  to  be  related  to  both  its 
chemistry  and  optical  effects.  For  many  remote  regions,  the  submicron  aerosol  mass  is  usually 
dominated  by  a  mix  of  sulfuric  acid  or  sulfate.  The  difference  in  thermal  volatility  of  sulfuric 
acid,  ammonium  sulfate  and  other  refractory  constituents  such  as  soot,  salt,  and  dust  can  be  used 
as  means  to  identify  the  presence  and  concentration  of  these  species.  Rapid-response  optical 
counting  and  sizing  instrumentation  coupled  with  thermal  decomposition  is  used  to  obtain  size 
resolved  information  on  the  aerosol  volatility.  This  behavior  is  used  to  infer  the  relative 
concentrations  of  the  various  species  present  in  the  aerosol.  Our  intent  is  to  carry  out 
measurements  and  analysis  that  can  quantitatively  link  the  variability  in  the  concentrations  of  these 
species  (particularly  sulfate)  in  the  marine  boundary  layer  to  the  aerosol  optical  properties. 

Ammonia  is  the  most  common  natural  base  that  neutralizes  aerosol  sulfate  it  can  have 
important  implications  for  aerosol  composition  and  related  optical  properties.  Because  our 
measurements  and  those  of  others  indicate  that  oceanic  emissions  of  ammonia  can  be  significant 
and  because  existing  techniques  for  measuring  the  flux  are  both  slow  and  prone  to  errors  we 
developed  continuous  “potential”  ammonia  flux  system.  We  refer  to  it  as  “potential”  since  the 


measurement  is  made  in  an  enclosed  chamber  with  prescribed  conditions  and  has  to  be  scaled  for 
ambient  conditions  of  wind  speed,  temperature  etc.  The  goal  will  be  to  determine  the  ammonia 
flux  from  surface  waters  continuously  with  temporal  resolution  of  about  30  minutes  or  less.  The 
device  will  be  built  and  tested  as  a  prototype  of  a  device  suitable  for  shipboard  deployment. 

APPROACH 

We  have  used  rapid  measurement  techniques  that  can  resolve  the  small  scale  variations  in  aerosol 
properties  in  response  to  variable  sources  and  process.  These  are  integrated  to  into  a  system  that 
allows  us  to  ejqtlbre  the  links  between  aerosol  physico-chemical  processes  and  their  optical  effects 
as  well  as  those  that  influence  the  formation,  growth  and  evolution  of  the  aerosol. 

1)  Use  a  thermally  conditioned  optical  particle  counter  to  determine  the  size  distribution  of  sulfur 
aerosol  including  the  relative  neutralization  of  the  submicron  sulfur  mass  by  inferring  the 
NH4+/S04=  ratio. 

2)  Measure  the  concentration  and  volatility  of  condensation  nuclei  with  diameters  above  0.02  fim 
using  a  differential  mobility  analyzer,  DMA.  These  are  typically  the  subclass  of  atmospheric 
nuclei  that  are  most  efficient  as  cloud  condensation  nuclei  (CCN). 

3)  Measure  the  CN  remaining  after  heating  to  300°C.  Such  refractory  particles  in  the  atmosphere 
are  surface  derived.  These  are  either  soot,  sea-salt  or  dust,  and  can  be  dominated  by  continental 
contributions.  Hence,  they  are  a  separate  subclass  of  CN  that  can  vary  independently  from  the 
total  CN.  We  find  the  ratio  of  the  heated  to  unheated  CN  to  be  a  clear  indicator  of  air  mass 
charxter  that  tends  to  be  high  for  continental  and  combustion  sources  but  low  in  cleaner  marine 
air. 


4)  Measure  the  ultrafme  particles  in  the  size  range  of  0.02  to  0.003  ^m.  that  are  identified  by  the 
difference  between  the  TSI  3025  and  TSI  3760  CN  counts.  These  particles  have  a  short 
atmospheric  lifetime  due  to  loss  by  diffusion  to  existing  surfaces  (larger  aerosol  etc.).  High 
concentrations  in  the  atmosphere  often  indicate  in-situ  production  of  new  aerosol  by  homogeneous 
nucleation. 

5)  Carry  out  continuous  aethaelometer  (soot)  measurements  in  order  to  assess  the  concentration 
of  soot  present  in  the  air  mass  as  an  indicator  of  aerosol  from  anthropogenic  emissions  or  biomass 
burning. 

6)  Monitor  cloud  condensation  nuclei  spectra  at  our  coastal  site  in  order  to  establish  relationships 
between  the  aerosol  physicochemistry  identified  above  and  the  CCN  spectra  activated  in  clouds. 

7)  Carry  out  sun  photometer  measurements  (in  cooperation  with  Dr.  Nels  Laulainen,  Battelle 
Northwest)  of  aerosol  optical  depth  for  comparison  to  our  in-situ  aerosol  microphysics. 

8)  Carry  out  continuous  integrating  nephelometer  measurements  at  ambient  conditions  in  order 
to  validate  the  in-situ  aerosol  optical  properties  derived  from  our  microphysical  measurements. 


The  above  measurements  provide  various  evaluations  of  the  aerosol  properties  that  are  related 
to  its  chemistry,  source  regions,  transformation  properties  and  optical  effects.  Our  objectives  have 
been  focussed  upon  an  intensive  analysis  of  the  ASTEX  data  set  but  also  include  the  establishment 
of  a  time  series  of  size  resolved  aerosol  microphysical  measurements  in  the  Central  Pacific  MBL. 
Microphysical  data  was  used  to  model  EO  properties  in  the  MBL  and  compared  to  measurements 
of  MBL  spectral  optical  depth. 

TASKS  COMPLETED  OR  TECHNICAL  ACCOMPLISHMENTS 

This  year  we  finalized  the  analysis  and  two  papers  (see  below)  related  to  the  above  objectives. 
These  grew  out  of  our  participation  in  the  ASTEX  experiment  appeared  in  a  special  JGR  issue 
dedicated  to  that  experiment.  Another  major  effort  was  expended  upon  the  deployment  of  a 
portable  aerosol  research  laboratory  at  a  coastal  site  in  Hawaii  in  order  to  study  and  link  the 
physical,  chemical  and  optical  properties  of  boundary  layer  aerosol.  Specific  activities  follow: 

*  Used  measured  aerosol  physics  and  chemistry  during  vertical  profiles  to  establish  and 
model  optical  properties  of  aerosol  that  included  an  optical  extinction/radiative  closure  experiment 
during  ASTEX  with  in  situ  Total  Difftise  and  Direct  Radiometer  (F.  Valero  -  NASA/AMES). 

*  Carried  out  analysis  and  modeling  of  Lagrangian  aerosol  evolution  experiment  and 
published  JGR  paper  on  modeling  during  Lagrangian  2  of  ASTEX. 

*  Submitted  p^er  on  characterization  of  clean  air  and  polluted  aerosol  fields  during  ASTEX. 

*  Carried  out  aerosol  measurement  and  radiative  measurements  at  coastal  sites  in  Hawaii  for 
two  month  period.  Included  instrument  development  and  calibration. 

*  A  light  weight  instmment  package  suitable  for  deployment  on  a  Cessna  172  was 
assembled,  tested  and  deployments  were  made  of  the  north  coast  of  the  Big  Island  of  Hawaii. 

*  A  prototype  ammonia  flux  instmment  was  constmcted  and  preliminary  tests  carried  out. 
A  masters  theses  will  be  completed  on  this  instmment  in  spring  1997. 


SdENTHlC  RESULTS 

*  Demonstrated  that  modeling  of  aerosol  microphysics  could  be  successful  at  establishing 
radiative  closure  with  in-situ  aircraft  measurements  within  about  20%.  Confirmed  that 
experimental  techniques  are  sound  and  that  closure  is  possible.  Our  results  also  showed  that  fine 
particle  sulfate  dominates  short  wavelength  extinction  for  pollutant  aerosol  over  the  Atlantic. 

*  Demonstrated  that  soot  aerosol  in  European  pollution  was  internally  mixed  with  sulfate  and 
contributed  about  15%  to  the  total  column  extinction. 


*  Demonstrated  that  a  Lagrangian  aerosol  experiment  was  feasible  and  that  the  dominant 
influence  on  aerosol  evolution  in  a  non-precipitating  sy:^m  was  dilution  through  entrainment  from 
the  free  troposphere.  We  have  demonstrated  for  the  first  time  that  we  are  aware  of  the  use  of 
aerosol  evolution  and  a  decouple  boundary  layer  model  to  establish  constraints  on  entrainment 
through  the  inversion  and  mixing  through  the  decouple  layer. 

*  Demonstrated  that  and  automated  ammonia  flux  detector  is  feasible  and  can  be  deployed 
from  ship  under  typical  open  ocean  conditions. 


SIGNIFICANCE 

The  results  of  our  linking  aerosol  microphysics  to  optical  properties  and  the  experimental 
^proach  used  during  ASTEX  provide  the  kind  of  measurement  and  modeling  linkages  that  can 
be  used  to  model  aerosol  properties  to  their  radiative  effects.  This  information  can  also  be  used 
to  validate  and  refine  operational  optical  models  such  as  NOV  AM.  Continued  application  of  this 
^proach  to  our  data  in  the  clean  central  Pacific  including  the  coastal  and  breaking  wave 
environment  will  should  provide  new  inputs  for  regimes  where  the  NOV  AM  model  has  less 
reliability. 

Our  paper  demonstrating  the  significance  of  entrainment  through  the  inversion  to  aerosol 
evolution  in  the  marine  boundary  layer  is  expected  to  create  a  new  awareness  of  the  significance 
of  entrainment  to  aerosol  evolution  and  boundary  layer  processes.  This  awareness  has  already 
contributed  to  the  success  of  our  Christmas  Island  research  program  (ONR)  and  ACE-1  (NSF) 
by  allowing  us  to  model  the  diurnal  dynamics  of  the  aerosol  and  explore  processes  that  we 
otherwise  would  not  have  identified. 

The  linkages  of  aerosol  physical,  chemical  and  optical  properties  being  explored  during 
ASTEX  and  the  current  Hawaiian  coastal  measurements  by  ONR  have  been  expanded  under  a 
proposal  to  NASA  that  includes  column  radiative  closure  experiments  and  satellite  intercomparison 
and  validation  based  upon  in-situ  aerosol  optical  properties.  Both  activities  will  help  link  in-situ 
and  remotely  sensed  aerosol  optical  properties  that  will  need  to  improved  modeling  of  boundary 
layer  aerosol  fields. 

The  prototype  ammonia  system  demonstrated  the  feasibility  of  this  “potential”  flux 
technique  for  ship  deployment.  This  technique  could  dramatically  increase  the  available  data  on 
ammonia  fluxes  in  the  open  ocean.  However,  further  refinement  and  calibration  will  be  needed 
before  it  can  be  used  in  a  quantitative  sense. 

STUDENT  MASTERS  THESIS  -  To  be  completed  by  6/97 

Direct  Measurement  of  a  Potential  Ammonia  Flux  from  Seawater  with  a  Gas  Diffusion  System 
by  Tomoe  Uehara 
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